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M. Ferrari,1* S.G. Sardella,1 R. Berchiolli,1 D. Adami,1 C. Vignali,2 V. Napoli2 and
F. Serino31Unit of Vascular Surgery, Azienda Ospedaliera Pisa (AOP), Via Paradisa 2, 56124 Pisa, Departments of
2Oncology, Transplantation and Advanced Technologies in Medicine, Division of Diagnostic and
Interventional Radiology University of Pisa, and 3Vascular Surgery IDI IRCCS Rome, ItalyObjective. Unsolved type 2 endoleaks and aneurysmal sac increasing after endovascular aneurysm repair (EVAR) can be
fixed with surgical sacotomy, ligation of the patent backbleeding vessels and preservation of the endograft. The aim of the
paper is to highlight the technique as a feasible procedure in alternative to the removal of the graft.
Materials and methods. Four male patients whose aneurysm sac maximum transverse diameter had increased by 5 mm or
more, without evidence of endoleak, migration or structural alteration of the endografts. The surgical access was by medial
laparotomy in one case, flank incision in two cases and mini-laparotomy with laparoscopic assistance in the fourth case.
Patients were followed with spiral CT and duplex ultrasound at discharge and at 6–12 months.
Results. All procedures were carried out, without complication. Two patients required intensive care unit (ICU) admission
and the average post-operative hospital stay was 10 days (range 6–13). All patients are currently alive with a functioning
endograft, at an average follow-up of 14.7 months.
Conclusions. Sacotomy, leaving the endograft in place, appears to be a feasible therapeutic option, less invasive than
conversion to open repair. This technique merits further study.Keywords: Sacotomy; Laparoscopic assistance; Endograft; Extraperitoneal route.Introduction
Type 2 endoleak might lead to aneurysm sac enlarge-
ment and late failure of an endovascular aneurysm
repair (EVAR). Sometimes secondary interventions are
needed, leading to a significant risk of post EVAR
aneurysm rupture.1
We investigated the possibility of opening the
aneurysm sac, removing the thrombus, over-sewing
the holes of back-bleeding vessels, whilst leaving the
endograft in place. In this way major trauma (repla-
cing the endograft with a conventional aortic prosthe-
sis), can be avoided with smaller risks for the patient.ssociation with any individual, company, or organiz-
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All the patients gave informed consent to the
procedure. The extraperitoneal route was our pre-
ferred surgical access and was performed in two cases:
in one of the patients with transverse colonic neoplasia
a median laparotomy was performed; in the other a
mini-laparotomy and laparoscopic assistance was
used. Great care was taken to avoid manipulations
on the landing zones of the endografts. Sac pulsation
was carefully evaluated as a sign of potential
diagnostic error and the intra sac pressure recorded
by a 18 gauge catheter connected to a pressure
transducer; in one case a pressure signal could not
be obtained.
Subsequently, through a small sacotomy, we ver-
ified the amount of back-bleeding. If back-bleeding
was low, the cut was extended and thrombus removed
carefully, avoiding damage to the prosthesis. The
thrombus specimen was sent for microbiological exam-
ination. The back-bleeding vessels were over-sewnEur J Vasc Endovasc Surg 29, 43–46 (2005)
doi:10.1016/j.ejvs.2004.10.008, available online at http://www.sciencedirect.com onved.
M. Ferrari et al.44in conventional fashion after which the sac wall was
sutured (in patients treated by extraperitoneal route
the sac was left open).Case ReportsCase 1
Male patient, 72 years old, classified as ASA 3,
underwent EVAR for a 67 mm abdominal aortic
aneurysm (AAA) in August 2000. A bifurcated
Excluder prosthesis (W.L. Gore Associates Inc., Flag-
staff Arizona, USA) was implanted. Due to the
presence of a type 2 endoleak with lack of sac
shrinkage, 6 months later we proceeded to the coil
embolization of the patent inferior mesenteric artery
(IMA). After 1 year of follow up, a new type 2
endoleak, fed by lumbar arteries was observed: the
AAA diameter had increased by 5 mm, when com-
pared to baseline. We tried to repeat the transcatheter
embolization, but without success; so that in March
2002, the patient was submitted to laparoscopic
clipping of 3 lumbar arteries, by retroperitoneal
route, again without success, since, the aneurysm sac
continued to experience progressive enlargement,
with the maximum transverse diameter reaching
77 mm.
At this point, we proposed the ‘surgical correction’,
and performed it through a left flank access. The intra
sac pressure was 57 Hg mm and on opening the sac 5
patent lumbar arteries were found and sutured. The
sac of the AAA was left open, according to our
standard surgical technique in conventional extraper-
itoneal AAA treatment. The post-operative recovery,
lasting 6 days, was uneventful. At discharge, the CT
scan showed a totally excluded AAA sac, with patent
and unmoved prosthesis.Case 2
Male patient, 68 years old, classified as ASA 3, was
operated for a 63 mmAAA in April 2000. A bifurcated
Excluder endoprosthesis was used (W.L. Gore Associ-
ates Inc., Flagstaff Arizona, USA).
In May 2002, the aneurysm sac was found to have
expanded by 5 mm without evidence of endoleak,
with accidental diagnosis of a transverse colonic
neoplasia for which surgical treatment was indicated.
During this surgical procedure, before the colonic
resection, we decided to open the aneurysm sac for
inspection and possible surgical closure of collaterals.
An attempt to record intra-sac pressure wasEur J Vasc Endovasc Surg Vol 29, January 2005unsuccessful. Inspection showed only weak bleeding
from the IMA, which was not strong enough to sustain
significant pressure within the sac, and two patent
lumbar arteries with back-bleeding. We sutured all
these vessels and close carefully the aneurysm sac. The
post-operative period was uneventful and required 13
days of hospitalization; CT scan at discharge showed a
55!50 mm2 sac, with no sign of endoleak, or altera-
tions of the structure or position of the endograft.Case 3
Male patient, 80 years old, classified as ASA 4, treated
in November 1999 with EVAR for a 57.5 mm aorto-iliac
aneurysm. A bifurcated endoprosthesis was
implanted (AneuRx Medtronic AVE, Santa Rosa, CA,
USA). Two years later, he developed a type 2 endoleak,
sustained by a patent IMA. An endoluminal coil
embolization failed due to anatomic variation of the
arch of Riolan, so that the patient underwent a
laparoscopic clipping of the IMA. Subsequent CT
scan revealed the persistence of the endoleak, now
apparently caused by patent lumbar arteries, and the
aneurysm sac diameters had increased significantly
increased to 63!61 mm. In June 2002, we performed
the ‘surgical correction’, through a laparoscopic
assisted procedure. The intra-sac pressure was
68 Hg mm and after sac exposure two bleeding
lumbar arteries were discovered and over-sewn. The
cardiac condition of the patient, necessitated a 4 days
ICU stay, but thereafter the patient’s recovery was
rapid with a total post-operative hospital stay of 8
days. The discharge CT scan did not show any
evidence of endoleak or problems related to the
endoprosthesis.Case 4
Male patient, 85 years old, classified as ASA 4, who
underwent an EVAR in June 2001 to exclude a 56.5 mm
AAA, utilizing a bifurcated endoprosthesis AneuRx
(Medtronic AVE, Santa Rosa, CA, USA). Six months
later, we discovered a type 2 endoleak sustained by
two patent lumbar arteries. The aneurysm sac had
increased to 68 mmmaximum transverse diameter. An
attempt at endoluminal embolization of the lumbar
arteries was unsuccessful, but the patient refused any
further intervention until August 2002, when the CT
scan showed further increase of the sac diameter, to
73.5 mm. After patient consent, we proceeded to
angiography (Figs. 1 and 2) and, later on, the ‘surgical
surgical correction’, via a left flank incision was
performed. Since, the endograft was very close to the
Fig. 1. Angiography with selective left hypogastric catheter-
ization showing lumbar arteries feeding endoleaks.
Surgical Treatment of Persistent Type 2 Endoleaks 45left posterolateral aortic wall, we decided that the
insertion of a pressure needle in the AAA sac was too
dangerous. After opening the sac and removal of the
thrombus, remarkable pulsatile back-bleeding was
observed from the sacralis media artery and a left
side patent lumbar artery, both of which were over-
sewn. The sac was left open and the patient was
transferred to the ICU for respiratory assistance and
cardiac monitoring, where he remained for 7 days. He
eventually recovered with a total hospital stay of 14Fig. 2. Angiography with selective left hypogastric catheter-
ization showing sacralis artery feeding endoleak.days. At discharge there was no evidence of endoleak
on CT scan.
In none of the four cases (summarised in Table 1)
were further graft problems observed during follow-
up (mean 14.7 months).Discussion
Type 2 endoleaks are generally benign and seldom
influence adversely the outcome of EVAR. However, it
is universally recognised that when these endoleaks
are associated with continuous expansion of the
aneurysm sac they should be treated or conversion
to ‘open’ repair considered.
According to Baum and Solis,2,3 the percutaneous
trans-luminal coil embolization of feeding aortic
collaterals (namely the IMA, lumbar arteries or
Sacralis Media Artery), is associated with a high
failure rate, of approximately 80%. A trans-lumbar
technique4–7 has been proposed and it is being
evaluated in selected centres.
Recently the idea of surgical ‘adjustment’ of
previous EVAR has been considered. Hinchliffe et al.
first proposed the ‘sacotomy’ technique, which was
successfully applied to a sick, elderly patient with
multiple patent lumbar arteries as well as a patent
IMA.8 More recently, Kolvenbach published his
experience of laparoscopic remodeling of the AAA
after EVAR, performed in 12 patients with laparo-
scopic clipping of lumbar arteries, removal of throm-
bus from the opened aneurysm sac and surgical
fixation of the endograft to the aortic neck, by
externally placed sutures. In the same paper, he
proposed to extend the laparoscopic technique to the
endograft implant, in order to prevent both the
migration of the endoprosthesis and the type 2
endoleak formation.9,10
Our initial experience begun with one patient
whose poor general condition made endograft
removal too risky; moreover the graft was stable,
had not migrated or kinked. In a second patient, who
needed a laparotomy for a colonic neoplasia, we
decided to open the sac in order to clear and
eventually resolve, the cause of ‘endotension’. In a
case like this, the combination of these two procedures
theoretically increases the risk of prosthetic infection,
but some reports from the literature state that it can be
done in selected cases.11 After the positive experiences
with the first two patients, we planned to treat two
other patients, whose AAA sac was growing due to a
persistent type 2 endoleak after EVAR.
The technique we used can be considered as a
minimally invasive procedure in comparison toEur J Vasc Endovasc Surg Vol 29, January 2005
Table 1
Patients ASA Aneurysm growth Type 2 endoleak
source(s)
Surgical correction
Case 1 3 67–77 Lumbar arteries Left retroperitoneal
approach
Case 2 3 63–68 IMA and lumbar
arteries
Long midline transperi-
toneal approach
Case 3 4 57.5–63 Lumbar arteries Transperitoneal laparo-
scopic assisted
Case 4 4 56.5–73.5 Sacralis artery and lum-
bar arteries
Left retroperitoneal
approach
M. Ferrari et al.46endograft removal. Surgical dissection of the aorta
should be performed to a minimal extent, just enough
to gain a suitable access to the sac, close to the origin of
the patent aortic side branches. Manipulation of the
landing zone should be avoided, in order to prevent
endograft migration or displacement. As far as the
surgical access is concerned, with the exception of the
one patient where a long midline laparotomy was
needed for a colonic resection, we were able to
perform the repairs through a small left lumbar
incision and a retroperitoneal approach to the AAA
or a laparoscopic assisted technique. We agree with
Kolvenbach that, when feasible, a totally laparoscopic
procedure would be the best treatment, once it has
been demonstrated that the definitive closing of
sources of endoleak can accomplish a complete and
long-lasting exclusion of the AAA.
Preoperative diagnostic studies are of capital
importance, since, they allow correct planning of the
surgical access and proper timing. In none of our cases
did we prepare the aorta for an emergency cross
clamping: the sac, however, is opened very slowly, in
order to allow the surgeon to evaluate the bleeding
from the sac and to close immediately the small hole if
he/she realizes that the situation cannot be managed
without aortic clamping.Conclusions
We believe that, after opening of the aneurysm sac and
removal of the thrombus, surgical suturing of the
patent arteries afferent to ‘an excluded’ AAA, from
inside the sac, can be an alternative to ‘surgical
conversion to open repair’, in case of persistent type
2 endoleak and expanding aneurysm sac. The tech-
nique can be used after failure of endovascularEur J Vasc Endovasc Surg Vol 29, January 2005embolization techniques. Further, case studies and
longer follow-up are needed before confirmation that
this technique can rescue the situation of aneurysm sac
expansion without removal of the endoprosthesis.References
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